Research on child-related risk factors for filicide is scant. We investigated whether prior healthcare use for injury (including poisoning) influences filicide risk. Victims (0-14 years; n = 71) were identified in a national autopsy database for the years 1994-2012 and compared to matched, general population controls (n = 355). Healthcare use data were retrieved from a national patient registry. Risks were estimated using odds ratios (ORs) and 95% confidence intervals (CIs). For females, prior inpatient care for injury conferred a statistically significant sevenfold risk (OR = 6.67 [95% CI: 1.49-29.79]), and any prior injury-related healthcare use conferred a statistically significant fourfold risk (OR = 3.57 [95% CI: 1.13-11.25]), of filicide victimization. No statistically significant risks were found for males. Healthcare personnel should be aware that children treated for injuries, especially females, may be at an elevated risk of filicide victimization. Nevertheless, the filicide base rate remains low, and parents may be stigmatized by unfounded alerts; thus, prudent reflection should precede reports to the authorities.
KEYWORDS: forensic science, filicide, filicide-suicide, child homicide, healthcare use, case-control Child homicides have occurred worldwide since before recorded history (1); although rare events, they normally attract substantial media attention. The overwhelming majority of these events take place within the family, and the parental killing of a child, that is, filicide, is far more common than cases in which children are killed by other relatives (2, 3) . A range of different motives and situational contexts are associated with the commission of filicide, for example, the presence of psychosis in the offender, the offender's urge to inflict psychological pain on the other parent, and the offender's escalating physical abuse which inadvertently culminates in death of the victim (4, 5) . The commission of filicide-suicide-that is, filicides followed by offender suicide-is often associated with a mental disorder in the offender, and the filicidal death is almost never the direct result of excessive abuse (6) . Moreover, a striking majority of homicides that involve child victims and offender suicide appear to be propelled by intimate partner problems and legal problems, in addition to mental health-related problems (7) .
An Australian study found that half of all filicide offenders had a history of exerting physical or verbal violence toward their victims, and almost one-third of the offenders had had previous contacts with a professional medical or social agency owing to concerns regarding physical violence-an important finding in the context of prevention (8) . Further, research has found that nonaccidental violence directed toward children tends to be a recurrent event of escalating severity; in a recent U.S. study, the majority of children subjected to fatal or near-fatal abuse showed signs of sentinel bruising (i.e., prior, unexplained injuries) (9) . Preventing low-base-rate outcomes such as filicide is a challenging task; nonetheless, scholars have long discussed strategies for effective prevention of fatal and nonfatal child abuse, including linkage of multiple data sources to enhance surveillance and facilitate sound decision making (10) .
Most previous studies on risk factors for child homicide have focused on offender characteristics, for example, the presence of mental disorder or substance use (11) (12) (13) . Consequently, there is a paucity of research on risk factors directly associated with the victim, although novel cluster analysis-based efforts have been proposed to advance knowledge regarding victim risk profiles (14) . Nonetheless, a Swedish study has found multiple birth to be an independent risk factor for filicide (15) , though the finding should be interpreted cautiously in view of the small number of cases included. Further, in a recent case-control study, childhomicide victims were found to have used emergency medical services significantly more often than children who had died of natural causes; yet, as the authors point out, the nature of the emergency medical complaints was not helpful in detecting child maltreatment (16) . On a related note, Guenther and coworkers (17) reported that children subjected to abuse, compared to controls, more often had made prior emergency department visits. A subsequent study that highlighted the importance of confounding variables found that frequent emergency department visits were not an independent risk factor for maltreatment in children younger than 36 months of age (18) .
In the present population-based study, using a case-control design with a dataset covering the 19 years from 1994 to 2012, we explore potential risk factors associated with filicide victims by investigating whether previous healthcare use for injury (including poisoning) influences the risk of filicide victimization. Specifically, we hypothesize that such healthcare use would confer a heightened risk of filicide victimization. Because medically attended injuries are more common in male children (19, 20) -in whom, consequently, any prior healthcare use may be a less robust predictor of filicide than in female children-we decided to stratify analyses by sex. We also report some basic demographic and forensic characteristics, regarding, for example, means of lethal violence and relative frequencies of filicidesuicide.
Material and Methods

Setting
In Sweden-a country of about 10 million inhabitantssuspected unnatural deaths are investigated by means of medicolegal autopsies conducted at six sites across the country under the direction of a governmental authority, the National Board of Forensic Medicine (NBFM). The NBFM in-house database covers all medicolegal autopsies conducted in Sweden. Another governmental authority-the National Council of Crime Prevention (NCCP; www.bra.se)-maintains a registry that includes information regarding all criminal convictions in Sweden since 1973; no data are ever deleted from the registry-not even in case of death or emigration. Moreover, the National Patient Registry (NPR)-maintained by a third governmental authority, the National Board of Health and Welfare (NBHW)-includes individual-level information on all inpatient and outpatient care (since 1987 and 2001, respectively) provided by both privately operated clinics and clinics run by the counties. Reporting to the NPR is mandatory according to the Swedish law, although data concerning appointments in primary care are not included. Surveys have shown that a diagnosis is reported to the NPR in 99% of inpatient events and that diagnoses in the category "trauma and fractures" from hospital admissions are associated with positive predictive values of 95% and above, when compared with medical records (21, 22) . Also, and of relevance to the present investigation, the proportion of incorrect diagnoses in the NPR has been found to be highest in elderly patients (22) .
For the purpose of this study-and in keeping with prior publications on the same topic (3,23)-a child is defined as an individual who has not reached his or her fifteenth birthday, and the term parent includes not only biological parents, but also stepparents and adoptive and foster parents or any other person in loco parentis (i.e., who cares for a child in a position equivalent to that of a parent). Further, filicide is defined as the parental killing of a child-that is, either an act that has been adjudged to constitute homicide (i.e., murder, infanticide, voluntary manslaughter, or involuntary manslaughter by means of assault) in a criminal court, or an act that, following police investigation, has been confirmed to have culminated in offender suicide after the commission of filicide. The study was approved by the Regional Ethical Review Board in Stockholm.
Procedures
As seen in Fig. 1 , the NBFM database was probed for all child homicide victims who had been subjected to lethal violence in Sweden some time during the period January 1, 1994, to December 31, 2012 . By combining the NCCP registry with the NBFM database, it was possible to include cases in which the manner of death initially had been classified as accidental or undetermined by the forensic pathologist. All 91 cases identified in the NBFM database were also found in the NCCP registry; an additional four cases, in which intentional lethal violence was not apparent upon medicolegal autopsy, were identified in the latter registry. Data were also retrieved from police reports and court verdicts. Children who died within 24 h of birth were excluded, since it was deemed unlikely that they had been treated for injuries other than those present or sustained at birth. Also, extra-familial cases were excluded along with intra-familial nonfilicide homicides. A total of 71 victims (i.e., "cases"; 35 males and 36 females) were included, the vast majority of whom were identified as homicide victims by the forensic pathologist. In addition, for each case, five living controls-matched for sex, as well as calendar year of birth and parish of birth-were randomly identified with the aid of the Total Population Registry (maintained by Statistics Sweden [www.scb.se]) resulting in a total of 355 "controls."
Data on previous healthcare use due to injury-defined as ICD-10 codes S00-T98 ("Injury, poisoning and certain other consequences of external causes") and/or X85-Y09 ("Assault") (24)-were collected from the NPR. Our dataset covers some years during which the ICD-9 (25) manual was used; however, the NBHW employs a conversion procedure to aid in the B € ACKSTR € retrieval of ICD-9 codes that correspond to the ICD-10 codes of interest. Since the included code intervals also contain some diagnoses not related to injury or poisoning-for example, T88.1 in ICD-10 ("complications following vaccination")-all codes assigned to study subjects were scrutinized by the first author, at which stage no obviously irrelevant diagnoses were uncovered. We attempted to exclude healthcare use due to filicidal violence in two ways: (i) by excluding healthcare contacts that had occurred on the same day as the filicide; and (ii) by, with the help of medical charts appended to police reports, ensuring that the filicidal incident and previous incidents occasioning healthcare contacts were entirely separate events.
Victims were grouped according to means of lethal violence in the following categories: sharp-force trauma, blunt-force trauma (excluding traffic accidents and falls from heights), asphyxia (including drowning), gunshot trauma, fire (including carbon monoxide poisoning caused by fire but not by a combustion engine), and other means (falls from heights, traffic accidents, carbon monoxide poisoning by a combustion engine, and substance poisoning). In four cases, the cause of death could not be deduced from the death certificates; instead, information was sought in autopsy reports and/or court verdicts.
Statistics
Odds ratios (ORs) from conditional logistic regression were calculated, along with 95% confidence intervals (CIs); estimates for which the corresponding CIs did not span unity were considered statistically significant. Analyses were performed with and without stratification by sex, and all calculations were conducted using SPSS (IBM SPSS Statistics for Macintosh, version 24.0, Armonk, New York, United States).
Results
Demographic and Forensic Characteristics
A majority of the victims (n = 41; 58%) were 4 years old or younger, whereas only three victims (4%) were 13 or 14 years old. Twenty-one (35%) of the offenders were female and 39 (65%) male. Since there were nine double filicides, as well as two cases in which the offender killed two of her children at separate times and two cases in which the child was killed by both parents, numbers of offenders (n = 60) and filicidal events (n = 62) did not equal the number of victims (n = 71). In all, there were 23 filicide-suicides with a total of 30 victims; thus, the filicide-suicides represented 37% of all filicidal events. With regard to means of violence, the largest subgroup was asphyxia (strangulation, smothering, or drowning; n = 23; 32%), followed by sharp-force trauma (n = 13; 18%) and blunt-force trauma (n = 12; 17%). As seen in Table 1 , death by sharp-force trauma was about as common in females as in males, whereas asphyctic deaths and death by blunt-force trauma were more common in male and female victims, respectively.
Ten of the 71 filicide victims had had at least one prior healthcare contact for injury or poisoning. In six victims, the most recent healthcare contact had occurred more than 1 month prior to the filicide, and in only one of the remaining four victims had the most recent contact occurred within 1 week of the filicide. However, it should be pointed out that, for females, the risk estimate for prior outpatient care was not significantly elevated; thus, the fourfold risk conferred by any injury-related healthcare use appears to have been conditioned by the elevated risk conferred by prior inpatient care. There were no cases in which the treating physician had identified the injury as the result of physical abuse.
Estimates of Filicide Victimization Risk
Discussion
In the present population-based study, using a case-control design, we set out to investigate to what extent prior healthcare use for injury (including poisoning) influences the risk of filicide victimization. To our knowledge, this is the first study of its kind; a recent, previously mentioned study employed similar methods, yet differed somewhat with regard to selection of both controls and exposure variable (16) . Our study has one main finding: that prior inpatient care for injury conferred a fivefold risk of filicide victimization in males and females taken together, and that this risk increase was primarily driven by a sevenfold risk in females conferred by prior inpatient care. Thus, our hypothesis-that prior healthcare use for injury would confer an increased risk of filicide victimization-was partially supported by the data.
There are several possible explanations as to why previous healthcare use for injury appears to elevate the risk of filicide victimization. Undoubtedly, the recorded injuries that led to healthcare interventions may very well have been caused by abuse, but not identified as such by the treating physicians. The previously mentioned Australian study (8) , which found high rates of prior violence directed toward child homicide victims, lends support to such an interpretation, as does a British study in which about 40% of fatal child maltreatment cases showed evidence of prior abuse or neglect (26) . On the other hand, it is possible that a presumptively filicidal parent is more likely to (4) 14.1% (10) put his or her child at risk of injuries; it may also be the case that children to such parents are more likely to get injured due to behavioral problems. The elevated risk estimates in the present study were mainly driven by low odds of previous inpatient healthcare use for female controls-a finding consistent with the notion that males are more injury-prone than females; indeed, as seen in Table 2 , prior healthcare use was more common in male controls than female controls. Recent research supports that notion, which appears to hold true regardless of age; playground accidents in preschoolers have been found to be more common in males (27) , as have motor vehicle accidents with victims up to 17 years of age (28) and emergency admissions due to injuries in adolescents (29) . It may also be the case that male children, to a greater extent than their female counterparts, become victims of physical abuse-a supposition which is also supported by the literature (30) (31) (32) .
The relatively high rate of filicide-suicides in the current dataset may indirectly have influenced risk estimates in a conservative direction; since filicide-suicides are almost never committed as part of inadvertently lethal abuse (6), it can be assumed that battering parents are underrepresented in our study. Indeed, in a prior Swedish study that included filicide cases between 1965 and 1999 (and whose recruitment period thus overlapped with that of the present study), only about 10% of filicide offenders had both been motivated by aggression toward the child and ultimately beaten the victim to death (33) . Further, it has been suggested that the Swedish corporal punishment ban-which was enacted in 1979-has led to a dramatic decline in public support for physical punishment (34) , and, in a recent investigation, the mortality rate due to abusive head trauma in infants was found to be ten times lower in Sweden compared to other Western countries (35) . Hence, it cannot be ruled out that analyses of a different dataset than ours, derived from a country with a higher public acceptance of physical punishment, would have yielded significant risk estimate increases even in males. Although intuitively interesting, we decided a priori not to base any analyses solely on the auxiliary ICD-10 codes that classify assault (i.e., X85-Y09). On the basis of a previous governmental report (22), we suspected that those codes would not truly reflect all assault cases; the lack of such codes among cases in the current dataset seems to justify our decision.
The finding that death due to asphyxia was the largest subgroup of lethal violence is consistent with results from both a joint Finnish-Austrian study (36) and a Canadian study (37) , but not with findings from studies based on American (38, 39) , French (40) , British (26) , and Taiwanese datasets (41) ; in all of the latter studies, variants of head trauma (alternatively specified as blunt-force trauma) were found to be the most common means of violence. Although somewhat unlikely, these discrepant findings may imply cultural differences; another explanation may relate to differing proportions of stepparents and biological parents included in the respective datasets. Research has shown that filicidal biological parents are inclined to use methods that hasten death (e.g., smothering or gunshot trauma), whereas filicidal stepparents more often are motivated by anger and resentment and thus often resort to beating or bludgeoning (42, 43) . Finally, it can be noted that the predominance of filicide victims in the younger age-groups is well in line with results from studies conducted in other countries and other periods (14, 36, 44) .
Strengths and Limitations
The present study benefits from being based on a total population sample, as well as from having included randomly sampled, matched controls-conditions that arguably increase both internal validity and external validity. Also, despite the rarity of the studied events, the sample size is relatively large, which has allowed calculation of reasonably precise estimates. Nevertheless, the results of the present study must be interpreted in light of at least two major limitations. First, since data regarding visits in primary care have not been available, the recorded healthcare use at specialized clinics represents an underestimate of the study population's true healthcare use. Of note, the Swedish healthcare system relies heavily on its primary care, which bears responsibility for the initial diagnosis and treatment of all nonemergency healthcare problems, including conditions that call for prevention. It is possible that both cases' and controls' patterns of healthcare use at specialized units are different from their patterns of use in primary care; indeed, it may be the case that battering parents eschew contact with primary care in fear of being recognized as abusive. Consequently, owing to the lack of primary care data, certain estimates in the present study may be slightly overstated. A second major drawback of our study concerns the lack of potentially confounding variables included in the analyses. Unfortunately, for controls, we did not have access to detailed background data-for instance, residential area, family income, or parental level of education-and were thus not able to control for the possible confounding effects of such variables. Further, Sweden is a sparsely populated country in which some inhabitants reside in secluded areas; in these areas, the general practitioner's office is practically the only available healthcare facility, regardless of medical complaint. Nonetheless, since fewer than 2% of the population live in such areas (according to data extracted from Statistics Sweden; www.scb.se), the lack of primary care data, in this respect, is unlikely to have affected overall findings.
Conclusions, Implications, and Future Directions
The results of the present investigation suggest that healthcare practitioners should be aware that children treated for injuries, especially females, may be at elevated risk of filicide victimization-also in the absence of evident abuse. Further, the results B € ACKSTR € also highlight the importance of the Swedish Social Services Act, according to which all public employees who in any way deal with children are obligated to alert the social services upon suspicion that a child's well-being may be at risk. Our findings do not provide a sufficient basis for making predictions of filicide victimization in everyday healthcare practice; nonetheless, the results lend some support to prior studies, which have found child abuse to be a recurrent, escalating phenomenon. Importantly, the base rate of filicide remains low, and parents and families may be stigmatized by false or unfounded alerts. Thus, issues surrounding child abuse and reports to the social services should be preceded by prudent reflection. Future research efforts should ideally make use of larger datasets-preferably collated from several countries-as well as detailed psychosocial covariates that enable adjustment for potential confounders.
